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Title of the Invention 
DATA FORMAT TRANSCODING APPARATUS AND ASSOCIATED METHOD 

5 

Background of the Invention 

[0001] The present invention relates to a data processing apparatus and method, a recording 
medium, and a program. More particularly, the present invention relates to a data processing 
1 0 apparatus and method, recording medium, and program suitable for transforming input data 
into data of another format, and transforming the resulting data into an orthogonally 
transformed signal. 

[0002] In the related art, since NTSC (National Television System Committee) television 
1 5 signals are multiplexed and encoded by balancing luminance signals (Y) with chroma signals 
(C), a decoder for such signals is typically configured so as to allow for separation of the 
luminance signals (Y) and the chroma signals (C) (Y/C separation) (see, for example, 
Japanese Unexamined Patent Application Publication No. 2000-138949). 

2 0 [0003] Furthermore, since MPEG (Moving Picture Experts Group) video signals are 

divided into blocks and are then encoded using quantization, zig-zag scanning, or the like 
after DCT (Discrete Cosine Transform), a decoder for such signals typically determines 
quantized data based on a table, and performs IDCT (Inverse Discrete Cosine Transform) on 
the resulting data (see, for example, Japanese Unexaminaed Patent Application Publication 

2 5 No. 2001-320277). 

[0004] In this way, the configuration of a decoder for decoding an encoded signal must 
correspond to the configuration (processing scheme) of an encoder. When a single apparatus 



is used to process input signals encoded with a plurality of schemes, a problem arises in that 
the apparatus requires individual decoders corresponding to different encoding schemes, 
resulting in an overall increase in apparatus size and complexity. 

5 [0005] In view of the foregoing, the present invention is provided to decode an input signal 
by way of a single apparatus which generates signals having two or more different formats 
without increasing the size and/or complexity of the apparatus. 

Brief Summary of the Invention 

10 

[0006] In an exemplary embodiment, data processing apparatus of the present invention 
includes a first storing means for storing a first predictive coefficient obtained by learning. 
An instructing means instructs conversion of the first predictive coefficient, and a first 
calculating means calculates a second predictive coefficient from the first predictive 
15 coefficient stored by the first storing means according to a predetermined transform method 
when conversion is instructed by the instructing means. 

[0007] The first calculating means calculates and outputs the second predictive coefficient 
when conversion is instructed by the instructing means, and outputs the first predictive 
2 0 coefficient without calculation of the second predictive coefficient when conversion is not 
instructed by the instructing means. The data processing apparatus may further include 
second storing means for storing the first predictive coefficient or second predictive 
coefficient output by the first calculating means. 

2 5 [0008] The exemplary data processing apparatus may further include first extracting means 
for extracting from the input data first data based on which a class is determined, a 
determining means for determining the class based on the first data extracted by the first 
extracting means, a second extracting means for extracting second data calculated from the 
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input data; and third calculating means for calculating output data based on the second data 
extracted by the second extracting means and the first predictive coefficient or second 
predictive coefficient stored by the second storing means. The second storing means may 
supply the first predictive coefficient or second predictive coefficient corresponding to the 
5 class determined by the determining means to the third calculating means. 

[0009] The first predictive coefficient may be a predictive coefficient determined for each 
class based on third data serving as a student signal corresponding to the input data and fourth 
data serving as a teacher signal corresponding to the output data. 

10 

[0010] The input data may be composite signal data, and the output data can be component 
signal data or data obtained by converting the component signal data according to the 
transform method. 

1 5 [0011] The data processing apparatus may further include decoding means for selecting one 
of data input from the outside and the output data generated by the third calculating means 
and for decoding the selected one. 

[0012] The instructing means may further instruct the transform method, and the first 
2 0 calculating means can calculate the second predictive coefficient from the first predictive 

coefficient stored by the first storing means according to the transform method instructed by 
the instructing means. 

[0013] The first calculating means may include third storing means for storing a transform 
2 5 formula corresponding to the transform method and for selecting the transform formula 

according to the transform method instructed by said instructing means, and can calculate the 
second predictive coefficient from the first predictive coefficient based on the transform 
formula stored by the third storing means. 
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[0014] The third storing means may store a transform formula corresponding to an 
orthogonal transform as the transform formula corresponding to the transform method. 

5 [0015] An exemplary data processing method of the present invention includes an 

instructing step of instructing conversion of a first predictive coefficient which is stored and 
which is obtained by learning, and a calculating step of calculating a second predictive 
coefficient from the stored first predictive coefficient according to a predetermined transform 
method when conversion is instructed in the instructing step. 

10 

[0016] An exemplary program of a recording medium of the present invention includes an 
instructing step of instructing conversion of a first predictive coefficient which is stored and 
which is obtained by learning, and a calculating step of calculating a second predictive 
coefficient from the stored first predictive coefficient according to a predetermined transform 
1 5 method when conversion is instructed in the instructing step. 

[0017] An exemplary program of the present invention includes a computer executable for 
instructing conversion of a first predictive coefficient which is stored and which is obtained 
by learning, and a calculating step of calculating a second predictive coefficient from the 
2 0 stored first predictive coefficient according to a predetermined transform method when 

conversion is instructed in the instructing step. According to the exemplary program, when 
conversion of a first predictive coefficient obtained by learning is instructed, a second 
predictive coefficient is calculated from the stored first predictive coefficient according to a 
predetermined transform method. 

25 

[0018] It is to be understood that both the foregoing general description of the invention 
and the following detailed description are exemplary, but are not restrictive of the invention. 
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BRIEF DESCRIPTION OF THE SEVERS AL VIEWS OF THE DRAWINGS 



[0019] FIG 1 is a diagram showing an exemplary structure of an image information 
transformation system in accordance with an embodiment of the invention; 
5 [0020] FIG 2 is a high level block diagram showing an exemplary structure of a class 
categorization adaptive processing circuit shown in Fig. 1; 

[0021] FIG. 3 is a flowchart showing a predictive calculation process of the class 
categorization adaptive processing circuit shown in Fig. 2; 

[0022] FIG 4 is a high level block diagram showing an exemplary structure of a learning 
1 0 apparatus; 

[0023] FIG 5 is a flowchart illustrating a seed coefficient determination process of the 
learning apparatus shown in Fig. 4; 

[0024] FIG. 6 is a flowchart illustrating the seed coefficient determination process of the 
learning apparatus shown in Fig. 4; 
1 5 [0025] FIG. 7 is a diagram showing the structure of blocks of a teacher signal and predictive 
taps; 

[0026] FIG. 8 is a diagram showing the structure of blocks of a teacher signal and blocks of 
a Hadamard transformed signal; 

[0027] FIG 9 is a diagram showing the structure of blocks of a teacher signal and blocks of 
2 0 a DCT signal; 

[0028] FIG 10 is a high level block diagram showing the structure of a coefficient 
calculation unit shown in Fig. 2; 

[0029] FIG. 11 is a flowchart for illustrating a predictive coefficient calculation process of 
the coefficient calculation unit shown in Fig. 10; 
2 5 [0030] FIG 12 is a high level block diagram showing the structure of an image information 
transformation apparatus; and 

[0031] FIG 13 is a block diagram showing an exemplary structure of a computer system 
according to an embodiment of the present invention. 
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Detailed Description of the Invention 

[0032] Embodiments of the present invention are now described below with reference to 
the drawings wherein like reference numbers designate like elements throughout. Fig. 1 
5 shows the configuration of an image information transformation system according to an 
exemplary embodiment of the present invention. 

[0033] The image information transformation system includes an input terminal 1 1 to 
which a composite signal may be input (for example, an NFSC signal), a class categorization 
adaptive processing circuit 12, output terminals 13A through 15 A from which a luminance 
signal Y, a color-difference signal R-Y, and a color-difference signal B-Y are output, 
respectively. Terminals 13B through 15B provide output signals T(Y), T(R-Y), and T(B-Y) 
obtained by performing an orthogonal transformation on the luminance signal Y, the color- 
difference signal R-Y, and the color-difference signal B-Y, respectively. 

[0034] The composite signal input from the input terminal 11 is supplied to the class 
categorization adaptive processing circuit 12 for conversion into component signals (i.e., the 
luminance signal Y, color-difference signal R-Y, and color-difference signal B-Y, or 
conversion into the orthogonal transform signals T(Y), T(R-Y), and T(B-Y) of the NTSC 
signal), obtained by transforming the component signals. In the exemplary embodiment, the 
transformation is orthogonal. The component signals are output from the output terminals 
13A through 15A or the output terminals 13B through 15B. The output terminals 13A 
through 1 5 A and the output terminals 1 3B through 1 5B may be common. 

2 5 [0035] Fig. 2 is a block diagram showing an exemplary structure of the class categorization 
adaptive processing circuit 12. The input composite signal is supplied to a block extraction 
unit 31 and a block extraction unit 34. The block extraction unit 31 extracts pixel data (class 
taps) of predesignated blocks from the supplied composite signal, and outputs the extracted 
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data to a pixel-location-mode output unit 32. The pixel-location-mode output unit 32 outputs 
a mode (class) of the pixel location at which a predictive value is determined from the input 
pixel data (class taps) of the blocks, and supplies it to a coefficient memory 33. 

5 [0036] A seed coefficient memory 36 stores a seed coefficient (the details thereof are 
described below with reference to Figure 4) in advance. A coefficient calculation unit 37 
calculates a predictive coefficient from the seed coefficient supplied from the seed coefficient 
memory 36 based on a transform method selection signal corresponding to a transform 
method of a designation unit 38. The coefficient memory 33 stores the coefficient calculated 
10 by the coefficient calculation unit 37. When a pixel location mode is input from the pixel- 
location-mode output unit 32, the coefficient memory 33 selects a predictive coefficient 
corresponding to the pixel location mode, and supplies the selected coefficient to a predictive 
calculation unit 35. 

15 [0037] The block extraction unit 34 extracts pixel data (hereinafter referred to as "predictive 
taps") of blocks necessary for predictive generation of a component signal from the input 
composite signal, and outputs the extracted predictive taps to the predictive calculation unit 
35. 

2 0 [0038] The predictive calculation unit 35 performs predictive calculation using the 

predictive taps input from the block extraction unit 34 and the predictive coefficient input 
from the coefficient memory 33, and outputs a component signal or outputs a signal 
(transformed component signal) obtained by orthogonally transforming the component signal. 

2 5 [0039] The predictive calculation process of the class categorization adaptive processing 
circuit 12 is described below with reference to the flowchart of Fig. 3. In step SI, the block 
extraction unit 34 extracts predictive taps from the composite signal. In step S2, the block 
extraction unit 31 extracts class taps from the composite signal. In step S3, the pixel- 
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location-mode output unit 32 determines from the class taps the mode of a pixel location at 
which a predictive value is determined (the details thereof are described below with reference 
to Fig. 7). In step S4, the predictive calculation unit 35 acquires a predictive coefficient 
corresponding to the pixel location mode from the coefficient memory 33. At this time, by 
5 previously performing a predictive-coefficient calculation process described below with 
reference to Figs. 10 and 11, the coefficient memory 33 has a predetermined predictive 
coefficient, which is actually used, stored therein. In step S5, the predictive calculation unit 
35 performs a predictive calculation on an output signal based on the input predictive 
coefficient and predictive taps, and the process is complete. 

10 

[0040] Fig. 4 illustrates an example structure of a learning apparatus 50 for learning a seed 
coefficient for the luminance signal Y to be stored in the seed coefficient memory 36. In the 
exemplary embodiment, component signal serving as a "teacher signal" is formed of a set of 
signals including the luminance signal Y, the color-difference signal R-Y, and the color- 
15 difference signal B-Y This teacher signal is input to the learning apparatus 50, and is then 
supplied to a block extraction unit 51 and an NTSC encoder 52. 

[0041] In the case of learning the seed coefficients for the color different signal R-Y, the 
color difference signal R-Y is supplied to the block extraction unit 51 and the luminance 
2 0 signal Y is not supplied to the block extraction unit 5 1 . 

[0042] In the case of learning the seed coefficients for the color difference signal B-Y, the 
color difference signal B-Y is supplied to the block extraction unit 51 and the luminance 
signal Y is not supplied to the block extraction unit 51 . 

25 

[0043] The block extraction unit 5 1 extracts data of a predesignated block region from the 
input luminance signal (Y), and outputs the extracted data to an internal-block data output 
unit 55. 
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[0044] The NTSC encoder 52 encodes the input teacher signal to generate an NTSC 
composite signal serving as a "student signal/' and outputs the resulting signal to a block 
extraction unit 53 and a block extraction unit 56. The block extraction unit 53 extracts class 
5 taps from the supplied student signal, and outputs the extracted class taps to a pixel-location- 
mode output unit 54. The pixel-location-mode output unit 54 outputs a pixel location mode 
from the input class taps, and supplies it to the internal-block data output unit 55 and a 
normal equation generation unit 57. The internal-block data output unit 55 outputs pixel data 
of the luminance signal (Y) input from the block extraction unit 51 corresponding to the pixel 
1 0 location mode input from the pixel- location-mode output unit 54 to the normal equation 
generation unit 57. 

[0045] The block extraction unit 56 extracts predictive taps from the blocks of the input 
student signal, and outputs the extracted predictive taps to the normal equation generation 
15 unit 57. 

[0046] The normal equation generation unit 57 generates, for each pixel location mode 
input from the pixel-location-mode output unit 54, a normal equation from the pixel data of 
the teacher signal input from the internal-block data output unit 55 and the predictive taps of 
2 0 the student signal input from the block extraction unit 56, and outputs the generated normal 
equation to a coefficient determination unit 58. The coefficient determination unit 58 
determines a coefficient (seed coefficient) from the supplied normal equation, and stores the 
seed coefficient in the seed coefficient memory 36 (Fig. 2). 

2 5 [0047] A seed coefficient determination process of the learning apparatus 50 is described 
below in detail with reference to the flowcharts of Figs. 5 and 6. In step S31, the block 
extraction unit 51 extracts data of given blocks (predesignated blocks) from a luminance (Y) 
signal. In step S32, the NTSC encoder 52 encodes the teacher signal to generate an NTSC 



-9- 



composite signal (student signal). In step S33, the block extraction unit 53 extracts class taps 
from the student signal (encoded teacher signal). In step S34, the pixel-location-mode output 
unit 54 determines a pixel location mode from the class taps. In step S35, from the data of 
the given blocks of the teacher signal supplied from the block extraction unit 51, the internal- 
5 block data output unit 55 extracts pixel data of the blocks of the luminance signal (Y) 
corresponding to the pixel location mode. 

[0048] In step S36, the block extraction unit 56 extracts predictive taps from the student 
signal. In step S37, the normal equation generation unit 57 generates a normal equation for 
1 0 each pixel location mode based on the predictive taps and the pixel data of the blocks of the 
luminance signal (Y). In step S3 8, the coefficient determination unit 58 calculates the normal 
equation to determine a seed coefficient. In step S39, the coefficient determination unit 58 
stores the determined seed coefficient in the seed coefficient memory 36, and the process 
ends. 

15 

[0049] For example, as shown in Fig. 7 portion (A), when 1x8 pixels at the position 
indicated by cross marks in Fig. 7 at 72 corresponding to 1 x 8 teacher signal blocks 71 
corresponding to a pixel location mode are predictively generated from 3x8 predictive tap 
blocks 72, there are eight pixel location modes (i = 1, 2, 3, or 8) since eight pixel data are 
2 0 predictively generated from one block set. Thus, eight normal equations are generated by the 
following formula: 

[0050] Formula 1 

25 Yj = ZajjXj • • • (1 ) 

[0051] In Formula (1), as shown in Fig. 7 portion (B), y indicates the pixel value of a 
teacher signal, and x indicates the pixel value of a predictive tap. In the above formula, a 
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denotes the seed coefficient, i (i = 1, 2, 3, or 8) indicates the teacher signal pixel and j (j = 
1, 2, 3, or 24) indicates the student signal pixel. 

[0052] In this way, by segmenting a signal in units of blocks and sequentially processing 
the signal on a block basis, a normal equation corresponding to a pixel location mode is 
generated, and by calculating the finally determined normal equation, the seed coefficient (a) 
is determined. If the number of generated normal equations is insufficient for determining 
the seed coefficient (a), the normal equations are calculated using, for example, a least square 
method to determine the seed coefficient (a). 

[0053] An example where an Hadamard transform is performed on 1 x 8 teacher signal 
blocks is shown in Fig. 8, in which y/ through y g ' denote the values obtained by performing 
an Hadamard transform on the pixel values y x through y g of the teacher signal blocks. The 
values y ' through y g ' are given by the following formula: 



[0054] Formula 2 
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[0055] An example where DCT is performed on 1 x 8 teacher signal blocks is shown in Fig. 
9, in which y x " through y g " denote the values obtained by performing DCT on the pixel 
values y 1 through y g of the teacher signal blocks. The values y^' through y g " are given by the 
following formula: 

5 

[0056] Formula 3 
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[0057] In Formula (3), where each of i and j indicates 1, 2, 3, or 8 to form an 8 x 8 
matrix, C(i, j) is given by the following formula if j is not equal to 1 : 

[0058] Formula 4 

15 

C(i.j) =4-cos g'-IHJ-"* ...(4) 

and is given by the following formula if j is equal to 1 : 



20 
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[0059] Formula 5 



C(i.j) = 27f • • • (5) 

5 [0060] Accordingly, when the transform method is an orthogonal transform such as 

Hadamard transform or DCT, as shown in Formulas (2) and (3), transformed signals of the 
pixel values y x through y g of the teacher signal blocks (Hadamard transformed signals 
through y g ' or DCT signals y^' through y g ") are represented by the linear sum of the pixel 
values y x through y g of the teacher signal. Thus, the predictive coefficient of the transformed 
1 0 teacher signal (in this case, y ' through y g f or y^ 1 through y g ") can be determined from the 
predictive coefficient of the pixel values y { through y g of the teacher signal blocks. 

[0061] Specifically, as shown in Fig. 8, assuming that the values obtained by performing an 
Hadamard transform on the pixel values y x through y g of the teacher signal blocks are 
15 indicated by through y g \ for example, is given by the following formula: 

[0062] Formula 6 

y'i = ^(yi+y 2 + y3+y4 + y5 + y6 + y7 + y8) ■■■ < 6) 

20 

[0063] Thus, when the seed coefficient for prediction of y 1 of a given student signal is 
indicated by a, and the seed coefficients for prediction of y 2 , y y y 4 , y 5 , y 6 , y 7 , and y g thereof 
are indicated by b, c, d, e, f, g, and h, respectively, the predictive coefficient of is given by 
the following formula: 

25 
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[0064] Formula 7 

-j= ( a+b+c+d+e+f +g+h ) 



(7) 



5 [0065] In a similar way to Formula (7), when the predictive coefficients of y 1 through y • 
are also determined from Formula (2), the predictive coefficients a' through h' for prediction 
of y^ through y g ' of the given student signal are given by the following formula using the 
predictive coefficients a through h for prediction of y 1 through y g ; 

10 [0066] Formula 8 
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[0067] As shown in Fig. 9, assuming that the values obtained by performing DCT on the 
15 pixel values y through y g of the teacher signal blocks are indicated by y" through y 8 ", the 
predictive coefficients (a) through (h) for prediction of y^ 1 through y 8 " of a given student 
signal are given by the following formula using the predictive coefficients a through h for 
prediction of y x through y 8 : 
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[0068] Formula 9 
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5 [0069] In Formula (9), where each of i and j indicates 1, 2, 3, or 8 to form an 8 x 8 
matrix, C(i, j) is given by the following formula if j is not equal to 1 : 

[0070] Formula 10 



c(u)= J_ C0S (2i-1)( J -1)ir 

10 ^ 
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[0071] and is given by the following formula if j is equal to 1: 
[0072] Formula 11 

» C(U)= I7f 



(11) 



[0073] Thus, the coefficient calculation unit 37 of the class categorization adaptive 
processing circuit 12 shown in Fig. 2 has the structure shown in Fig. 10 is able to determine 
coefficients (predictive coefficients) for predictive calculation on an input signal from the 
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seed coefficients. A transform matrix memory 91 has transform matrices for various 
transformations stored therein in advance. For example, a transform matrix for Hadamard 
transform given in Formula (8) or a transform matrix for DCT given in Formula (9) is stored. 

5 [0074] Specifically, when the designation unit 38 inputs the specified transform method 
selection signal to the transform matrix memory 91, the transform matrix memory selects a 
transform matrix corresponding to the transform method selection signal from the stored 
transform matrices, and outputs the selected one to a calculation unit 92. The seed coefficient 
memory 36 outputs the seed coefficient stored and determined by the learning apparatus 50 to 
10 a calculation unit 92. 

[0075] The calculation unit 92 determines a predictive coefficient based on the input 
transform matrix and seed coefficient, and outputs it to the coefficient memory 33. 

1 5 [0076] Although the case where the learning apparatus 50 determines the seed coefficient of 
the Y signal of the component signal (teacher signal) has been discussed, the seed coefficients 
of the color-difference signals R-Y and B-Y of the component signals can also be determined 
by a similar process. 

2 0 [0077] If one type of transform matrix is stored in the transform matrix memory 91, the 

transform method selection signal output from the designation unit 38 is a signal for selecting 
whether or not that transform matrix is used. 

[0078] A predictive coefficient calculation process of the coefficient calculation unit 37 is 
2 5 described below in detail with reference to the flowchart of Fig. 1 1 . This process is executed 
according to a user instruction before the predictive calculation process shown in Fig. 3 is 
executed. 
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[0079] Specifically, a designation unit 38 operates to specify which method of a plurality of 
transform methods is used. In the exemplary embodiment, this operation is designated by 
user input, however, those skilled in the art will recognize that such selection may be 
provided automatically in response to one or more system parameters. Thus, in step S51, the 
5 transform matrix memory 91 determines, based on the designation, whether or not a 
transform method selection signal has been input from the designation unit 38. If it is 
determined that a transform method selection signal has been input, the process proceeds to 
step S52, in which the transform matrix memory 91 selects a predetermined transform matrix 
from the stored transform matrices according to the transform method selection signal. 
1 0 Therefore, for example, the transform matrix (Formula (8)) for Hadamard transform or the 
transform matrix (Formula (9)) for DCT is selected. Of course, the above transforms are 
illustrative examples rather than an exhaustive list of possible transforms as known to those 
skilled in the art. 

1 5 [0080] In step S53, the calculation unit 92 acquires the seed coefficient from the seed 
coefficient memory 36. In step S54, the calculation unit 92 determines the predictive 
coefficient based on the selected transform matrix and the acquired seed coefficient. Thus, 
from the seed coefficients a through h read from the seed coefficient memory 36, for example, 
the coefficients (a) through (h) are determined based on Formula (8) when the transform 

2 0 matrix for Hadamard transform is selected, and the coefficients (a) through (h) are 

determined based on Formula (9) when the transform matrix for DCT is selected. In step S55, 
the calculation unit 92 stores the determined predictive coefficients in the coefficient memory 
33. 

2 5 [0081] If it is determined in step S5 1 that no transform method selection signal has been 
input, this means that no instruction of transform has been performed, and the process 
proceeds to step S55, in which the transform matrix memory 91 stores the seed coefficient in 
the coefficient memory 33 without change. 
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[0082] In this way, the predictive calculation process described with reference to the 
flowchart of Fig. 3 is performed using the predictive coefficient stored in the coefficient 
memory 33. As a result, when no transform method has been selected, the NTSC component 
5 signals (i.e., the luminance signal Y, the color-difference signal R-Y, and the color-difference 
signal B-Y), are output from the output terminals 13A through 15A shown in Fig. 1. For 
example, when the transform matrix for Hadamard transform has been selected, the transform 
signals T(Y), T(R-Y), and T(B-Y) obtained by performing an Hadamard transform on the 
component signals are output from the output terminals 13B through 15B; and when the 
1 0 transform matrix for DCT has been selected, the transform signals T(Y), T(R-Y), and T(B-Y) 
obtained by performing DCT on the component signals are output from the output terminals 
13B through 15B. 

[0083] According to the present invention, therefore, based on the seed coefficient, a 
1 5 composite signal can be converted into component signals or can be directly converted into 
signals obtained by performing an orthogonal transform on the component signals. 
Furthermore, it is not necessary to learn predictive coefficients for each transform method, in 
which case the capacity of a memory for storing predictive coefficients can be reduced 
compared to the case where predictive coefficients for all different transform methods must 
2 0 be stored. Furthermore, it is only required to change transform matrices stored in the 

transform matrix memory 91 in order to acquire predictive coefficients for different transform 
methods, and the transform matrices can be easily changed and/or updated. 

[0084] To this end, the transform matrix memory 91 may be an externally rewritable 
2 5 memory so that the content of the stored transform matrices can be modified. 

[0085] In the foregoing description, the predictive tap is divided into 3x8 blocks and the 
teacher signal is divided into 1x8 blocks; however, those skilled in the art will recognize 
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that such block division is exemplary only and that alternative groupings are possible the way 
by which these are divided into blocks may be arbitrary. 



[0086] In the foregoing description, furthermore, an NTSC signal is directly converted into 
5 signals obtained by performing an orthogonal transform such as Hadamard transform or DCT 
on component signals (i.e., the luminance signal Y, the color-difference signal R-Y, and the 
color-difference signal B-Y). However, any signal other than an NTSC signal or a video 
signal may be converted as long as teacher signal blocks and student signal blocks have one- 
to-one correspondence and each block is independent from other blocks during the learning 
1 0 operation of the learning apparatus. 

[0087] Fig. 12 is a block diagram showing an example structure of an image information 
transformation apparatus including the above-described class categorization adaptive 
processing circuit 12 equipped with a decoder. This image information transformation 
15 apparatus is constructed as, for example, a television receiver. 

[0088] In the image information transformation apparatus, an NTSC composite signal is 
input to the class categorization adaptive processing circuit 12. The class categorization 
adaptive processing circuit 12 directly converts the input NTSC signal into a DCT component 
2 0 signal, and outputs the resulting signal to an MPEG decoder 121 . The MPEG decoder 121 
decodes the input DCT component signal, and outputs a component signal. 

[0089] In the image information transformation apparatus of the exemplary embodiment, an 
MPEG signal is directly supplied to the MPEG decoder 121. The MPEG decoder 121 
2 5 decodes the MPEG signal and outputs a component signal. 

[0090] As can be appreciated, by providing a decoder for the data processing apparatus of 
the present invention, this single decoder can be used to process signal encoded with various 
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methods. 



[0091] Although an MPEG signal is used in the above-described example, an image 
information transformation apparatus to which both another signal such as an Hadamard 
5 transformed signal and an NTSC signal are input may also be used. In this case, in place of 
the MPEG decoder 121, for example, a decoder for performing the inverse Hadamard 
transform is used. 

[0092] The above-described sequence of processes may be executed by either hardware or 
1 0 software implementation. When the sequence of processes is executed by software, a 

program constituting the software is installed into a general-purpose computer or embodied in 
the carrier such as magnetic or optical disc or a radio frequency or audio frequency carrier 
wave. 

15 [0093] Fig. 13 shows an example structure of an embodiment of a computer 201 to which a 
program for executing the above-described sequence of processes is installed. 

[0094] The computer 201 includes a built-in CPU (Central Processing Unit) 202. An 
input/output interface 206 is connected to the CPU 202 via a bus 205. A ROM (Read Only 
2 0 Memory) 203 and a RAM (Random Access Memory) 204 are connected to the bus 205. 

[0095] An input unit 207 formed of input devices such as a keyboard and a mouse operated 
by a user, a scanner, and a microphone, and an output unit 208 formed of output devices such 
as a display, a speaker, a printer, and a plotter are connected to the input/output interface 206. 
2 5 A storage unit 209 such as a hard disk drive for storing a program or various data, and a 
communication unit 210 for communicating data over a variety of networks including the 
Internet are connected to the input/output interface 206. 
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[0096] A drive 21 1 for reading and writing data from and to a recording medium such as a 
removable memory 212 is also connected to the input/output interface 206, as required. 

[0097] An image information transformation program which causes the computer 201 to 
5 execute an operation as an image information transformation apparatus according to the 
present invention is offered to the computer 201 as is stored in the removable memory 212, 
and is read by the drive 211 and installed to the hard disk drive built in the storage unit 209. 
The information processing program installed to the storage unit 209 is loaded, according to 
an instruction of the CPU 202 corresponding to a user command input to the input unit 207, 
1 0 from the storage unit 209 to the RAM 204 in which it is executed. 

[0098] This recording medium is formed of not only a packaged media such as the 
removable memory 212 having a program stored therein, which is distributed separately from 
the apparatus to offer the program to users, as shown in Fig. 13, but also formed of the ROM 
1 5 203 having a program recorded therein, a hard disk contained in the storage unit 209, or the 
like which is offered to users as is incorporated in the apparatus in advance. 

[0099] Those skilled in art will recognize that the process steps describing a program which 
causes a computer to execute various functions of the invention are not necessarily performed 
2 0 in a time-series manner according to the order described in the flowcharts, and include a 

process performed in parallel or discrete manner (for example, a parallel process or an object- 
based process). 

[0100] According to the present invention, therefore, input data can be converted into data 
2 5 of another format, and, particularly, can be readily converted into any of data of a plurality of 
formats. Furthermore, transform methods can be readily changed. Furthermore, signals 
encoded with a plurality of methods can be processed using a single decoder. 
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[0101] Thus, the foregoing discussion discloses and describes merely exemplary 
embodiment of the present invention. As will be understood by those skilled in the art, the 
present invention may be embodied in other specific forms without departing from the spirit 
or essential characteristics thereof. Accordingly, the disclosure of the present invention is 
5 intended to be illustrative, but not limiting of the scope of the invention, as well as other 
claims. The disclosure, including any readily discernible variants of the teachings herein, 
define, in part, the scope of the foregoing claim terminology such that no inventive subject 
material is dedicated to the public. 

1 0 [0102] This Application claims the benefit of Japanese priority document JP 2002-266328, 
filed in Japan on September 12, 2002, the entire contents of which is incorporated by 

reference herein in its entirety. 
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